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Since the introduction of the (14C)-2-deoxylglu cose (2DG) method, it has been well established that changes of gray matter glucose utilization oc cur that are related to physiological stimulation (Sharp et aI., 1977; Ryan et aI., 1982) , pharmaco logical manipulations (Sokoloff et aI., 1977) , and different pathological states (Pulsinelli and Duffy, 1979; Duffy et aI., 1982) . There have been few de scriptions of altered white matter glucose utilization except during anesthesia (Sokoloff et aI., 1977; Her kenham, 1981; Duffy et aI., 1982) , hypoxia (Pul sinelli and Duffy, 1979; Duffy et aI., 1982) , and thi amine deficiency (Sharp et aI., 1982) . In this report, we describe quantitative focal increases of glucose utilization in the white matter produced by electrical stimulation of neurons in the motor cortex of the rat. stereotaxic apparatus with blunt ear bars. A burr hole was drilled 2 mm anterior and 2 mm lateral to bregma over right motor cortex. A coaxial electrode with an inner con tact diameter of 200 /Lm and an outer contact diameter of 500 /Lm, with 500 /Lm between contacts (Rhodes Medical Instruments), was inserted 1.5 mm into the cortex, avoid ing large and small vessels as much as possible. The elec trode was cemented into place with methylmethacrylate.
MA TERIALS AND METHODS
Femoral arterial and venous catheters were positioned, and the animals restrained with tape on animal boards. Eight hours after anesthesia, when the animals were fully alert, 50 ms-trains of 300-Hz, 0.5-ms biphasic pulses were delivered just above threshold until large-amplitude left vibrissae movements, five per second, were pro duced. Some movements of the right vibrissae were often noted. The voltage was usually between 5 and 20 V, and the measured current between 30 and ISO rnA. The ani mals showed no distress during cortical stimulation, and in general sat very quietly. The stimulus did not cause seizures. 1-(l4C)-2-Deoxy-D-glucose (Amersham; 57 mCi/mmol) was then administered to these animals via the tail vein in a dose of 16.7 /LCi/100 g body weight in 0.25 ml sterile 0.9% saline. Stimulation was continued at five trains per second for a period of 45 min.
Timed blood samples were taken and the animals were sacrificed 45 min later using pentobarbital. Brains were removed and 20 /Lm-thick frozen sections cut, dried, and autoradiographed. Autoradiographic and plastic standard densities were measured with a MacBeth Densitometer equipped with a 0.5-mm aperture. Plasma 1 4C concentra tions were determined using a Beckman Glucose Analyzer. Local cerebral glucose utilization (LCGU) was calculated using the k 1 , kz, and k3 for white matter and the lumped constant derived by Sokoloff for normal awake rats (Sokoloff et aI., 1977) . Brain sections used to produce the autoradiographs were stained with cresyl violet.
RESULTS
Electrical stimulation of the motor cortex pro duces large focal increases of LCGU around the stimulating electrode ( Fig. lA, arrow) . Many sub cortical gray matter regions increase LCGU in spe cific regions, as detailed in a separate report (Sharp and Evans, 1982) .
In all stimulated animals there were focal (ap proximately I-mm diameter) increases of LCGU in the right internal capsule ( Fig. 1B and C, CAl). The average LCGU of the left, control internal capsule was 39.8 p,mo1J100 g/min and the average LCGU of the stimulated region of the right internal capsule was 51.3 p,mol/IOO g/min (Table 1 ). The internal capsule LCGU of control animals was the same on the right and left sides of the brain (39 p,molJlOO g/min).
The region of increased LCGU in the internal capsule white matter could be followed into the midbrain and pons. The region of increased white matter LCGU decreased in size at more caudal levels. In all stimulated animals, there was a focal (approximately 0.5-mm diameter) increase of LCGU in the right pontine pyramidal tract white matter ( Fig. ID and E, arrows) . The average LCGU of the left, control pyramidal tract was 27.3 p,molJ 100 g/min and the average LCGU of the stimulated region of the right pyramidal tract was 36.2 p,molJ 100 g/min (Table 1) . Pyramidal tract LCGU in the control animals was the same on the right and left sides of brain ( Fig. IF) . LCGU did not increase in the pyramidal tract below the level of the medulla.
Though not pictured or measured quantitatively, there were discrete increases of corpus callosum LCGU during cortical stimulation in three of the four animals. stimulation increases LCGU to a much greater ex tent in gray than in white matter. This may relate to ion pumping that occurs mostly at the nodes of Ranvier in white matter and all along unmyelinated axons and dendrites in gray matter.
The electrode tip used to stimulate the motor cortex was cemented into place approximately 1.5 mm from the surface. The cortex is about 2 mm thick at this location, and histological examination revealed that the electrode tip never extended into subcortical white matter and, therefore, white matter was not stimulated directly. However, since the internal capsule and pyramidal tract receive fibers from layers V and VI of cortex, and since layers V and VI occupy the lower half of the cortex, it seems probable that the electrical stimulation did activate axons and axon hillocks directly.
Increased white matter LCGU during stimulation using the (14C)-2-deoxyglucose method is compati ble with previous observations of stimulation induced increases of oxygen uptake (Fenn, 1927; Brink et aI., 1952; Cranefield et aI., 1957; Larrabee, 1958; Ritchie, 1967) and glucose uptake (Caldwell et aI., 1960; Greengard and Straub, 1959; Dettbarn and Hoskin, 1961) Olfactory stimuli increase LCGU in unmyelinated nerve fibers of the olfactory bulb (Sharp et aI., 1977) . Osmotic stimuli increase LCGU in unmy elinated nerve fibers of the hypothalamohypophysial system (Schwartz et aI., 1979) . Auditory stimulation increases the LCGU of the myelinated eighth nerve in the cochlea and brainstem (Ryan et aI., 1982) .
Hypoxia (Pulsinelli and Duffy, 1979; Duffy et aI., 1982) and thiamine deficiency (Sharp et aI., 1982) increase white matter LCGU, and anesthetics affect LCGU in gray matter and white matter (Sokoloff et aI., 1977; Herkenham, 198 1) . The above studies, coupled with our results, show that unmyelinated and myelinated nerve fiber pathways can alter LCGU in very focal and specific ways that are re lated to particular stimuli or physiological states. 
